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(57) ABSTRACT 

A motion detection apparatus and method for securing a 
detector, transducer or accelerometer. The detector is 
securely positioned in a location corresponding to a portion 
of the body such as the head, stomach, heart, sternum, or 
other portion. The mounting apparatus includes a base 
section to Which the detector is secured and support mem 
bers. Support members can have a ?xed-length or be extend 
able. The support members are adjusted if necessary to 
position the mounting apparatus and detector to the prede 
termined position. 

76 Claims, 16 Drawing Sheets 
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MOTION DETECTION APPARATUS AND 
METHOD 

FIELD OF THE INVENTION 

This invention relates in general to motion test devices, 
and in particular, to a motion detection system With a 
mounting apparatus for a vehicle, ride, or moving object 
Which secures a motion detector in a predetermined position. 

DESCRIPTION OF RELATED ART 

The effects of motion (e.g., speed, acceleration, 
deceleration, gravity, directional changes) upon riders in a 
vehicle, ride, or other moving object can result in motion 
sickness, illnesses, or trigger more serious health problems 
such as a heart attack. Acceleration or deceleration values 
are de?ned in terms of “g” or the ratio of a given acceleration 
divided by a reference acceleration of the earth’s gravity. 
One g=32.2 ft/s2. Jerk is de?ned as the time rate of change 
of acceleration and is usually represented in units of g/s. 
Motion Sickness Incidence (MSI) is de?ned as the percent 
age of test subjects that Would become sufficiently sick to 
vomit. The duration, direction, and magnitude of these 
forces can be measured and analyZed to determine the effects 
upon a human body. 

Different portions of the body can be impacted by these 
forces more signi?cantly than other body portions. For 
example, the head, heart, or stomach can be more suscep 
tible to illnesses, sickness, or injury. Forces upon these body 
portions can be measured to determine Whether potential 
injury or illness may result. 

Conventional motion detection systems, hoWever, do not 
effectively secure a detection device to a vehicle or ride or 
are capable of being used With a limited number of vehicle 
designs or con?gurations. Some detector mounting arrange 
ments are not adaptable to different vehicle con?gurations, 
seating arrangements, or structures available for mounting 
purposes. Further, some conventional mounting systems do 
not account for other ride or vehicle variables such as rider 

or passenger position, restraints, seat design, etc., all of 
Which can potentially impact the physical response of a rider 
or passenger. Attempting to use currently available mount 
ing systems for different vehicles or vehicle con?gurations 
can result in insecure mounting of the detector. 
Consequently, sensitive motion detectors such as a trans 
ducer or accelerometer may record inaccurate data. 

One eXample mounting system for accelerometers is used 
in automobiles to determine forces eXerted on an anthropo 
morphic or “crash test” dummy during automobile crash 
testing. Accelerometers are incorporated into particular loca 
tions or cavities of a crash test dummy, e.g., the heart and 
thoracic region. HoWever, these mounting systems are typi 
cally limited to use Within a crash test dummy rather than 
being incorporated into actual vehicles or into different 
vehicle types, models, designs or con?gurations. 

Thus, incorporating currently available mounting systems 
into vehicles, rides, or other moving objects may result in the 
accelerometer not being fully secured With the consequence 
of inaccurate data. Additionally, different structural or 
mounting components and design changes may be needed to 
incorporate current motion detection systems and mounting 
apparatus into different vehicle or ride con?gurations. 

Accordingly, there is a need in the art for a motion 
detection system and mounting apparatus that effectively 
secures a motion detector such as an accelerometer to 
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2 
various vehicle or ride designs, con?gurations, and available 
mounting structures. 

SUMMARY OF THE INVENTION 

An apparatus for securing a motion detector to a vehicle 
includes support members Which can be adjusted to position 
a motion detector in a predetermined position. The mounting 
apparatus includes a base section to Which a motion detector 
is secured. The mounting apparatus also includes a plurality 
of support members coupled to the base section. The support 
members are adjusted if necessary to position the motion 
detector into the predetermined position based on a position 
of a person that Would occupy the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring noW to the draWings in Which like reference 
numbers represent corresponding parts throughout: 

FIG. 1 is an illustration of potential motion forces; 
FIG. 2 is a front vieW of one embodiment of a motion 

detection system With a mounting apparatus and a motion 
detector secured in a predetermined position; 

FIG. 3 is a front vieW of a base section of the mounting 
apparatus; 

FIGS. 4A—B are respective side and top vieWs of a ?ange 
of the base section of the mounting apparatus to Which a 
motion detector is secured; 

FIGS. 5A—B are respective top and side vieWs of a 
coupler that is connected to the base section for securing a 
support member; 

FIGS. 6A—D are respective front, top, side, and bottom 
vieWs of a back rest, one eXample of a ?xed-length support 
member of the mounting apparatus; 

FIGS. 7A—B are side vieWs of a stanchion utiliZed in a 
support member of the mounting apparatus; 

FIGS. 8A—C are respective top, side, and front vieWs of 
a clevis that couples a foot to a support member; 

FIGS. 9A—D are respective front, top, side, and bottom 
vieWs of a foot of a support member of the mounting 
apparatus; 

FIGS. 10A—B are side vieWs of outer barrels of a support 

member; 
FIGS. 11A—B are respective side and front vieWs of an 

inner barrel of a support member; 
FIG. 12 is an illustration of a support member adjustment 

rod; 
FIGS. 13A—C are respective side, top and front vieWs of 

an attachment claW; 
FIG. 14 is a side vieW of a tensioner used to secure a 

support member against a vehicle surface; 
FIG. 15 is an illustration of an embodiment of a motion 

detection system secured against a seat, side Walls, and a 
handle of a ride; 

FIG. 16 is an illustration of an embodiment of a motion 
detection system secured against a seat and a handle of a 
ride; and 

FIG. 17 is an illustration of a rider coordinate system 
Which serves as a reference for a location of a motion 

detector. 

DETAILED DESCRIPTION 

In the folloWing description of embodiments of the 
invention, reference is made to the accompanying draWings 
Which form a part hereof, and Which is shoWn by Way of 
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illustration speci?c embodiments in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utilized as structural changes may be made 
Without departing from the scope of the present invention. 

One embodiment provides a mounting apparatus for posi 
tioning a sensor, detector, transducer, accelerometer, or other 
motion detection device in a secure manner. For simplicity, 
this speci?cation refers to accelerometers, but different 
detection devices can also be utiliZed. 
An accelerometer is secured Within or to a vehicle such as 

an automobile, amusement park ride or other movable 
object. For simplicity, this speci?cation refers to motion 
detection systems for amusement park rides or rides 
generally, other vehicles and moving objects can also be 
utiliZed. The mounting apparatus is adaptable to different 
ride con?gurations, mounting structures, and siZes to 
securely position the accelerometer. As a result, movements 
of the accelerometer are minimiZed to insure accurate 
motion data. With an adaptable mounting apparatus, the 
accelerometer can be placed in different positions, e.g., in a 
predetermined position corresponding to the head, chest, 
stomach, heart, or other portion of the body. HoWever, for 
simplicity, this speci?cation refers to measuring forces upon 
a heart of a person as an illustrative example. Once securely 
positioned, the ride can be activated and the resulting forces 
upon the heart can be measured and analyZed to determine 
the effects of those forces upon the rider. 

For example, referring to FIG. 1, a rider 100 may be 
subject to forces along one, tWo, or three axes from different 
directions at different stages of the ride. An axis through the 
front and back of a rider 100 is identi?ed as the “x axis” 110 
A force along the X axis 110 is referred to as a roll force. A 
roll force can be a positive roll force 112 or a negative roll 
force 114 depending on its direction. An axis through the 
sides of rider 100 is identi?ed as the “y axis” 120. A force 
along the y axis 120 is referred to as a pitch force. Similar 
to roll forces, a pitch force can be a positive pitch force 122 
or a negative pitch force 124 depending on its direction. 
Finally, an axis along a length of a rider is identi?ed as the 
“Z axis” 130. A force along the Z axis 130 is a yaW force. A 
yaW force can be a positive yaW force 132 or a negative yaW 
force 134 depending on its direction. 

Roll, pitch, and yaW forces can be measured With respect 
to a particular point on or Within a person, i.e., With respect 
to a reference point REF POINT 140. For example, as 
illustrated in FIG. 1, the reference point 140 at Which forces 
are measured can correspond to the heart of the rider 100 
With the three axes 110, 120, 130 meeting in the middle of 
the chest of the rider 100. Of course, forces can be measured 
at different reference points 140 corresponding to different 
portions of the rider’s body. 

Motion Detection System 
FIG. 2 illustrates one embodiment of a motion detection 

system 200 that utiliZes a mounting apparatus to secure an 
accelerometer and detect motion forces. The mounting appa 
ratus of the mounting system 200 includes a base section 210 
to Which an accelerometer 220 is secured, a coupler 230, 
support members, e.g., ?xed-length support members 240 
and adjustable-length support members 250, and attach 
ments to support member such as a foot 260 or claW 270. 
The base section 210 secures the accelerometer 220. A 
plurality of support members can be attached to the base 
section 210 directly or indirectly through the coupler 230. 
Support members can be designed in different siZes, extend 
able lengths, and con?gurations (e.g., different types of 
?xed-length support members and different types of 
adjustable-length support members). 
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4 
Various types of ?xed-length support members 240 can be 

utiliZed in the mounting apparatus. For example, a back rest 
or a stanchion can form all or a portion of a ?xed-length 
support member. Adjustable-length support members 250 
can be con?gured in different directions for contact With 
different surfaces of the ride. Fixed-length or adjustable 
length support members can include a foot 260 With a pad, 
cushion, or other material to prevent movement of the 
support member/foot against a vehicle surface. A support 
member can also have a securing appendage such as a claW 
270, hook, clamp or other similar device. FolloWing is a 
more detailed description of the mounting apparatus com 
ponents of the motion detection system 200. 

Base Section 
FIG. 3 illustrates the base section 210 apart from the other 

mounting apparatus components. The base section 210 
includes plates 300 With connection points or holes 310, a 
?ange 320, side plates 330, and legs 340. 
The ?ange 320 is attached to the top of the side plates 330 

and con?gured With holes 322. The accelerometer 220 is 
attached to the ?ange 320 via holes 322. Speci?cally, the 
accelerometer 220 can be mounted to a plate, and the 
accelerometer/plate combination can be mounted to the 
?ange 320 through holes 322. 

FIGS. 4A—B illustrate more detailed side and top vieWs of 
the ?ange 320. Speci?cally, holes 322 are illustrated in FIG. 
2 and used to mount the plate/accelerometer combination to 
the ?ange 320. Fasteners that secure the plate and acceler 
ometer together may protrude from the bottom of the 
plate/accelerometer combination. Holes 410 can be shaped 
compensate for any fasteners that rest above the surface of 
the plate in the plate/accelerometer combination. 

Referring back to FIG. 3, the legs 340 are connected to the 
side plates 330. FIG. 3 illustrates tWo legs 340 coupled to the 
side plates 330 of the base section 210. In the illustrated 
example, the support legs 340 include tWo tube sections—a 
?rst, top, or shorter tube section 342 and a second, bottom, 
or longer tube section 344. 
The top tube section 342 is con?gured for attachment of 

a support member through hole 343. The bottom tube 
section 344 is con?gured for attachment of one or more 
support members via ports 346 and/or 348. A support 
member is coupled to a port of the bottom tube section 344 
and secured With a fastener on the opposite side of the port. 
FIG. 3 illustrates ports 346 and 348 at different levels, 
hoWever, the support legs 340 can also be con?gured With 
ports at the same level. Further, a single connection port can 
be utiliZed instead of multiple connection ports. 
Additionally, FIGS. 2 and 3 illustrate top and bottom tube 
sections forming an angled support leg 340. HoWever, the 
support legs 340 can be con?gured as a straight tube section 
depending on the type of vehicle or ride to be tested and the 
support members utiliZed. 

Referring back to FIG. 2, support members are coupled to 
the base section via the connection points 310 of plates 300. 
For example, an adjustable-length support member 250 is 
attached to the middle connection point 310 of the plates 
300. The example embodiment also illustrates an adjustable 
length support member 250 secured by the coupler 230 
Which is attached to a top connection point 310. The support 
member 250 secured by the coupler 230 is perpendicular to 
the support member 250 attached directly to the middle 
connection point 310. In other Words, the support member 
250 attached by the coupler 230 is directed to the sides of the 
ride Whereas the support member 250 coupled directly to the 
front of the base section 210 is directed to the front of the 
ride. 
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Coupler 
Referring back to FIG. 2 and to FIGS. 5A—B, the coupler 

230 connected to the base section 210 to secure a support 
member 250 directed to sides of the ride. The coupler 230 
can be various shapes, siZes, and forms, including the 
illustrated eXample coupler 230. The coupler includes a 
connection point 500, cavity 502, and a clamp 504. 

The coupler 230 is attached to the base section 210 via the 
connection point 500. A support member 250 is placed 
Within a cavity 502. A clamp 504 or fastener is tightened to 
secure the support member 250 against the inner surface 506 
of the cavity 502. 
As illustrated in FIG. 5B, the Width of the coupler 230 is 

reduced at point 510 for placement betWeen the plates 300 
of the base section 210. HoWever, different siZes and con 
?gurations of couplers 230 can be used depending on the 
con?guration of the base section 210 and space betWeen the 
plates 300 of the eXample base section 210 illustrated. 

Fixed-Length Support Members 
As previously explained, different types of support mem 

bers can be used for positioning an accelerometer, including 
?xed-length support members. Referring to FIG. 3, ?Xed 
length support members 240 are attached to the top tube 
section 342 of a support leg 340. These ?xed-length support 
members 240 stabiliZe the mounting system 210 against a 
back of a ride surface (e.g., a seat back). FIG. 3 also 
illustrates a different type of ?Xed-length support member 
240 directed to a bottom of a ride surface (e.g., a seat bottom, 
seat pan or ride ?oor). The ride surfaces that are used for 
mounting purposes can vary depending on the type and 
con?guration of the ride and the type of ?xed-length support 
members 240 utiliZed. 

FiXed-length support members 240 can be designed in 
various forms and con?gurations. One type of ?Xed-length 
support member that is attached to the top tube section 342 
of a support leg 340 is a back rest. Aback rest can be various 
shapes, e.g., triangular, trapeZoidal, square, and rectangular, 
etc. and include a rubber cushion, adhesive, or other material 
to prevent the backrest from sliding along the ride surface. 

For example, FIGS. 6A—D illustrate perspective, top, side 
and bottom vieWs of a backrest 600 With a rounded trian 
gular shape. The backrest 600 is con?gured With attachment 
holes 602. A rod or bearing connects the back rest 600 and 
the top tube section 342 of the support arm 340 through 
holes 343 of the top tube section 342 and holes 602 of the 
back rest 600. In this con?guration, the back rest 600 can be 
adjusted in tWo dimensions, e.g., the backrest 600 can sWivel 
around a rod such that the angle of the backrest 600 can be 
adjusted for ?at placement against the vehicle surface. 

The bottom face 604 of the backrest 600 is con?gured 
With holes 605. Apad (e.g., a rubber pad), cushion, or other 
material to prevent movement of the back rest against a 
vehicle surface can be applied to the bottom face 600 via 
fasteners through holes 605 or With an adhesive. 

A second eXample of a ?Xed-length support member 240 
illustrated in FIG. 2 is coupled to the bottom tube section 
344 of the support leg 340 through ports 346 and/or 348. 
This type of ?xed-length support member 240 includes a 
stanchion or other support section, a foot, and a coupling 
device to connect the stanchion and the foot. 

FIGS. 7A—B illustrate one eXample stanchion 700 in 
further detail. This stanchion 700 includes three sections: a 
top 702, a mid-section or tube 704, and a plate 706. The top 
702 includes a hole 710 into Which fasteners such as rivets 
can be inserted to couple the top of the stanchion 700 and the 
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bottom tube section 344 of a leg 340 together through a port 
346 or 348. The plate 706 includes a hole 720 for attachment 
to a clevis and a foot. AHelicoil insert is placed into the hole 
720 to secure a threaded rod connecting the clevis and the 
foot to the stanchion 700. One eXample Helicoil insert that 
can be used is a 1/z-20 left hand Helicoil insert manufactured 
by McMaster Carr of McMaster-Carr Supply Company 
Corporation, Elmhurst, Ill. The Helicoil insert is placed in 
the hole 710 against a Wall of the plate 706. The threaded 
portion of the rod end can be screWed into the Helicoil/hole 
710 of the plate 706 of the stanchion 700 such that the plate 
706 is securely fastened to the rod Which is also coupled to 
the clevis. 
One eXample clevis is illustrated in FIG. 2 and in further 

detail in FIGS. 8A—C. The clevis 800 is a three-sided U-type 
coupler With holes through each of the three sides. 
Speci?cally, the clevis 800 includes a top section 802 and 
sides 804. The top section 802 includes a hole 812, and the 
sides each include a hole 814. The threaded rod that is 
secured to the stanchion 700 With a Helicoil insert is passed 
through the top hole 812. A fastener secures the stanchion 
700, threaded rod, and clevis 800 together. The side holes 
814 are available for attachment of a foot 260. 

The foot 260 is illustrated in further detail in FIGS. 9A—D. 
FIGS. 9A—D illustrate perspective, front, bottom, and side 
vieWs of the foot 260. The foot 260 can be various shapes, 
e.g., triangular, trapeZoidal, square, and rectangular, etc. The 
foot 260 of FIGS. 9A—D is illustrated as a rounded triangular 
shape and may include a rubber cushion, pad, or other 
material to prevent the foot from sliding along the ride 
surface. The cushion can be applied to the base 904 With 
rivets or other fasteners through holes 906. 
The foot 260 can be secured to the clevis 800/stanchion 

700 using a T-handle. An eXample T-handle that can be 
utiliZed is the BLT-112 T-handle With quick release ball lock 
pins manufactured by Reid Tool Supply Company 
Corporation, Muskegon, Mich. The T-handle is passed 
through holes 804 of the clevis 800 and holes 902 of the foot 
260. The T-handle may be secured With a Helicoil, a nut, a 
cotter pin, a clevis pin, a bearing or another fastener. Since 
the foot 260 is attached to a rod of the T-handle, the foot 260 
may move around the rod for adjustment. 

Indeed, other types and con?gurations of ?xed-length 
support members can be utiliZed. Further, ?xed-length sup 
port members can be attached to different portions of a base 
section, e.g., to an upper tube section, to a loWer tube 
section, directly to the base section, or to a coupler Which is 
attached to the base section. 

Adjustable-Length Support Members 
Adjustable-length support members 250 can be used in 

addition to or instead of ?xed-length support members 240 
to position an accelerometer. Adjustable-length support 
members can be attached directly to the base section 210 or 
indirectly through the coupler 230 or other attachment. If 
necessary, the adjustable support members can be adjusted, 
eXtended or recessed such that an end of the adjustable 
length support member is placed against a surface of the 
ride. 
One eXample of an adjustable support member includes 

one or more adjustable arm sections, e.g., a telescoping arm. 
An adjustable-length support member can be adjusted in tWo 
dimensions (length) or in three dimensions (length and 
angle) if the adjustable-length support member is rotatably 
coupled to the base section or leg With, for eXample, a 
bearing. 
One type of adjustable-length support member 250 illus 

trated in FIG. 2 is coupled directly to the front of the base 














